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SILVER-ZINC  BATTERIES 


1.  INTRODUCTION 

^ Until  about  a decade  ago,  only  lead-acid  storage  batteries 
were  utilized  as  a reserve  source  of  dc  power  for  aircraft 
applications.  However,  technological  advances  in  the  alkaline 
family  of  batteries  have  introduced  new  electrochemical  systems 
having  significant  advantages  over  the  lead-acid  battery.  One 
of  these  electrochemical  systems  is  the  silver-zinc  battery. 

The  silver-zinc  battery  derives  its  name  from  its  active 
materials,  silver-oxide  (AgO)  for  the  positive  electrode  and 
porous  zinc  metal  (Zn)  for  the  negative  electrode.  The  electro- 
lyte is  a liquid  solution  of  potassium  hydroxide  (KOH)  in  dis- 
tilled water. 

The  silveb-zincNa^tery  has  two  particularly  important  features 
making  it  desirable  for  aircraft  applications--high  discharge  rates 
(up  to  30  times  its  ampere-hour  rating)  and  a high-energy- to- 
weight  ratio  (up  to  56  watt-hours  per  pound).  Other  important 
features  include  its  relatively  constant  voltage  over  most  of 
the  discharge  period,  long  shelf  life,  ability  to  endure  shock 
and  vibration,  and  minimal  gas  expulsion. 

Disadvantages  of  the  silver-zinc  battery  include  high  rela- 
tive cost  (2.8  watt-hours  per  dollar  compared  to  45  and  8.5  watt- 
hours  per  dollar  for  lead-acid  and  nickel-cadmium  batteries  respec- 
tively), poor  low- temperature  characteristics,  low  cycle  life, 
and  sensitivity  to  overcharge. 
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The  transition  from  the  lead-acid  storage  battery  to  the 
newer  siiver-zinc  battery  in  many  aircraft  applications,  plus 
its  urusual  characteristics  which  completely  differ  from  the 
older  lead-acid  system,  makes  it  necessary  for  maintenance 
personnel  to  familiarize  themselves  with  the  silver-zinc  battery. 
Maintenance  personnel  should  follow  the  maintenance  procedures 
outlined  in  manufacturer's  data,  if  available.  If  this  data 
is  not  available,  the  general  procedures  outlined  in  this 
article  may  be  used. 

fable  1 contains  general  information  required  for  most 
servicing  and  maintenance  operations. 
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1 . i Operation 

The  exact  chemical  reactions  that  take  place  within  a 
silver-zinc  cell  during  charge  and  discharge  are  still  imper- 
fectly understood.  However,  during  discharge  the  process  that 
occurs  can  be  described  as  the  simultaneous  reduction  of  the 
positive  active  material  to  silver,  and  oxidation  of  the  nega- 
tive active  material  to  zinc-oxide,  resulting  in  an  exchange 
of  oxygen  (or  hydroxyl  groups)  from  the  positive  to  negative 
electrode  which  produces  an  emf  between  the  ceil  terminals. 
This  process  is  simply  reversed  during  the  charging  portion  of 
the  cycle. 

The  electrolyte  acts  only  as  a carrier  during  charge  and 
discharge  and  does  not  take  an  active  part  in  the  chemical 
reaction.  Consequently,  its  specific  gravity  does  not  undergo 
an  appreciable  change. 
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2. 


MAINTENANCE  AND  SERVICING 


2. 1 Unpacking  and  Inspection 

When  a battery  is  unpacked,  a thorough  inspection  should 
be  made  to  insure  that  no  damage  occurred  during  shipment. 

Inspect  the  shipping  container,  as  well  as  the  battery,  to  make 
certain  that  the  battery  or  cells  have  not  suffered  possible 
damage.  Check  to  see  if  any  liquid  (if  the  battery  was  shipped 
wet)  has  spilled  into  the  shipping  container.  This  may  indicate 
signs  of  a damaged  cell. 

Check  ail  electrical  connections  for  tightness.  Test  all 
screws  and  nuts  on  all  terminals  to  insure  tightness. 

Silver-zinc  batteries  are  equipped  with  special  vent  plugs 
which  permit  gasses  to  escape  from  the  cells.  Check  to  insure 
that  these  vents  are  not  obstructed  in  any  manner  which  will 
interfere  with  their  operation.  New  batteries  may  be  received 
with  solid  plugs  which  are  used  for  shipping.  If  solid  plugs 
have  been  used,  remove  them  and  install  the  vent  plugs  inside 
the  small  bag  attached  to  the  battery. 

2. 2 Determination  of  State  of  Charge 

The  state  of  charge  of  a silver-zinc  battery  may  be  esti- 
mated by  measuring  the  open-circuit  voltage  across  the  indivi- 
dual cell  terminals  after  removing  the  battery  case  cover.  This 
measurement  can  be  made  by  using  a voltmeter  that  reads  accurately 
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to  0.01  volts,  and  should  indicate  between  1.82  volts  and  1.86 
volts  per  cell,  which  shows  that  the  battery  is  charged  to  at 
least  10%  of  capacity.  If  the  reading  of  any  cell  is  below 
1.82  volts,  the  battery  requires  further  tests  and  maintenance 
to  determine  the  reason  for  the  low  voltage.  Similarly,  an 
open-circuit  battery  terminal  voltage  of  25.6  volts  or  more 
for  a 14  cell  battery  indicates  the  battery  is  at  least  10% 
charged.  However,  a battery  may  have  a terminal  voltage  in 
excess  of  26.5  volts  and  still  have  a defective  cell.  There- 
fore, it  is  advisable  that  the  terminal  voltage  of  the  individual 
cells  be  checked. 

An  estimation  of  the  approximate  state  of  charge  of  the 
silver-zinc  battery  may  also  be  made  under  load  conditions  by 
discharging  the  battery  at  the  l-hour  rate  for  5 or  more  minutes 
and  measuring  the  terminal  voltage.  If  the  terminal  voltage 
measures  less  than  15.5  volts,  the  battery  is  considered  as 
fully  discharged.  Note,  however,  that  again  this  method  may 
not  detect  defective  or  unbalanced  cells.  Should  unbalanced 
cells  continue  to  be  used,  they  may  reverse  polarity  and  cause 
loss  of  capacity  or  battery  failure. 

Specific  gravity  measurement  of  the  potassium  hydroxide 
electrolyte  used  in  the  silver-zinc  battery  cannot  be  used  to 
determine  the  state  of  charge. 
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2. 3 Servicing  with  Electrolyte 

2 . 3 . i Filling  a New  Battery 

The  silver-zinc  battery  is  usually  shipped  in  a dry  con- 
dition. Only  the  special  electrolyte  furnished  in  the  filling 
kit  provided  with  each  new  battery  should  be  used.  Some  battery 
types  may  use  electrolytes  containing  special  additives  and  other 
electrolytes,  if  used,  may  degrade  the  battery.  The  electrolyte 
must  be  kept  in  a closed  alkali-resistant  container,  or  it  will 
absorb  carbon  dioxide  from  the  air  and  deteriorate.  The  filling 
kit  contains  detailed  instructions  for  filling  and  should  be 
followed  in  detail.  If  these  instructions  are  not  enclosed  when 
the  battery  is  received,  the  following  instructions  may  be  used. 

NOTE 

Batteries  that  will  not  be  used  within  30 
days  should  be  stored  in  the  dry  state. 

Never  completely  fill  a silver-zinc  cell  with  eiectrolyte-- 
a very  specific  quantity  of  potassium-hydroxide  electrolyte  solu- 
tion must  be  placed  in  each  cell.  Either  an  excess  or  a defi- 
ciency of  electrolyte  will  be  detrimental  to  the  characteristics 
of  the  battery.  Periodically,  the  electrolyte  in  each  cell  must 
be  leveled.  Part  numbers  of  electrolyte  filling  kits  and  the 
quantities  of  electrolyte  applicable  to  the  cells  of  each  type 
of  silver-zinc  battery  in  current  use  are  shown  in  Table  2. 
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ELECTROLYTE  QUANTITIES  AND  FILLING  KITS 


WARNING 


The  electrolyte  is  a strong  solution  of  potassium- 
hydroxide  that  is  alkaline  and  highly  corrosive. 

It  will  cause  serious  burns  if  permitted  to  come 
in  contact  with  the  eyes  or  skin.  Alkali-proof 
aprons,  rubber  gloves,  and  splash-proof  goggles  or 
face  mask,  shall  be  used  during  filling  operations. 

INTERNAL  ANTIDOTES.  Obtain  medical  attention  at  once.  Give 
large  quantities  of  water  and  a weak  acid  solution,  such  as 
vinegar,  lemon  juice  or  orange  juice.  Follow  with  white  of 
egg,  olive  oil,  starch  water,  mineral  oil  or  melted  butter. 

EXTERNAL  ANTIDOTES.  Obtain  medical  attention  at  once.  For  the 
skin,  wash  the  affected  area  with  large  quantities  of  water. 
Neutralize  with  vinegar,  lemon  juice  or  b percent  solution  of 
acetic  acid  and  wash  with  water.  For  the  eyes,  wash  with 
repeated  amounts  of  water.  Using  an  eye  cup,  wash  with  a mild 
solution  of  boric  acid. 


2 . 3 . 1 . 1 Filling  Procedure 

a.  In  some  cases,  spacers  and  clamps  are  provided  with 
each  battery.  Install  and  secure  the  spacer  and  clamp 
Never  move  the  battery  without  the  clamp  installed 
after  electrolyte  has  been  added.  The  clamp  and  spacer 
protects  the  battery  from  rupture  if  excessive  swelling 
or  internal  pressures  should  develop. 

b.  Remove  battery  cover. 

c.  Remove  and  discard  any  tape  covering  the  cell  vent 
caps.  Remove  the  vent  caps  and  the  sponge  rubber  plugs 
from  the  vent  holes  using  tweezers.  Make  a sketch  or 
notation  of  the  location  of  the  vent  caps  if  different 
sizes  are  used  for  one  or  more  cells.  Save  the  vent 
caps,  sponges,  or  other  electrolyte  trap  assembly 
devices  for  reuse  after  placing  electrolyte  in  cells. 
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d . Remove  t.ie  cap  from  an  electrolyte  bottle  containing 
the  proper  amount  of  electrolyte  for  one  cell. 

e.  Screw  the  polyethelene  fillinq  cap  provided  with  thp 
filling  kit,  securely  onto  the  electrolyte  bottle. 

f.  Insert  the  filling  cap  tip  into  the  ceil  vent  hole, 
twisting  clockwise  to  insure  a tight  fit. 

g.  Squeeze  electrolyte  bottle  gently,  maintaining  pres- 
sure for  a few  seconds  to  prevent  drawing  electrolyte 
back  into  the  bottle.  Repeat  this  operation  until 
ail  of  the  electrolyte  in  the  bottle  is  transferred 
to  the  cell.  If  the  electrolyte  is  repeatedly  drawn 
back  into  the  bottle,  wait  until  the  level  in  the 
cell  decreases  and  then  continue.  Do  not  remove 
filling  bottle  from  the  cell  until  all  the  electrolyte 
is  transferred. 

h.  Remove  the  filling  bottle  and  clean  excess  electrolyte 
from  the  cell  vent  hole  using  the  vent  cleaner  provided. 
Insert  the  vent  cleaner  up  to  the  xnot  into  the  cell 
vent  hole  and  turn  one  complete  revolution.  Use  a new 
vent  cleaner  for  each  cell. 

i.  Remove  any  excess  electrolyte  from  around  the  outside 
of  the  ceil  vent  holes  using  a piece  of  cotton  held 
with  tweezers. 

j.  Insert  sponge  rubber  plug  into  vent  hole,  using 
tweezers,  and  press  the  vent  cap  over  the  vent. 

k.  Remove  filling  cap  from  the  empty  bottle  and  install 
on  another  full  bottle.  Repeat  steps  d through  j 
for  the  remaining  13  cells  of  the  battery. 


NOTE 


Be  sure  to  cap  each  cell,  after  it  is  activated 
with  electrolyte,  to  prevent  either  skipping  a 
cell  or  filling  one  twice.  A'^ter  all  cells  have 
been  filled,  wash  three  of  the  electrolyte  bottles 
with  water  and  air  dry.  These  bottles  will  be 
required  in  the  performance  of  electrolyte  level 
adjustments . 

After  filling  with  electrolyte,  allow  each  cell  or  battery 
to  soak  for  a minimum  period  of  72  hours.  During  the  first  two 
hours  of  the  soaking  period,  the  battery  should  be  placed  on 
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its  back  (side  opposite  the  terminal  connectors).  After  two 
hours  of  soaking  in  this  position,  the  battery  must  be  returned 
to  its  upright  position  for  the  remaining  70  hours. 

Batteries  may  be  received  in  either  the  dry-unformed,  or 
the  dry-fully  charged  condition.  If  received  in  the  dry-fully 
charged  condition,  after  the  electrolyte  has  been  added  and  the 
battery  is  allowed  to  soak  for  72  hours  or  more,  the  cell  terminal 
voltages  must  be  measured  with  a voltmeter  accurate  to  0.01  volts. 
If  all  cells  measure  1.S2  volts  or  more,  the  battery  is  ready 
for  service.  Batteries  received  in  the  dry-unformed  condition, 
after  the  electrolyte  has  been  added  and  allowed  to  soak  for 
at  least  72  hours  and  no  more  than  10  days,  must  receive  formation 
changing. 


2.3.2  Electrolyte  Leveling 

A silver-zinc  battery  should  be  removed  from  the  aircraft 
at  60  day  intervals  and  the  electrolyte  level  of  each  cell 
adjusted  using  the  appropriate  maintenance  kit  for  the  battery 
type . 


NOTE 

Electrolyte  is  absorbed  by  the  separators  and 
active  materials  of  the  plates  as  the  cells 
discharge.  This  causes  an  apparent  reduction 
of  electrolyte  in  the  cell.  It  is  mandatory 
that  the  battery  be  recharged  prior  to  per- 
forming electrolyte  leveling  operations. 


11 


2.3.2.i  Leveling  Procedure 


a.  Remove  battery  cover  and  electrolyte  trap  assemblies. 


NOTE 

In  some  cases  different  sizes  of  trap  assemblies 
are  used  for  outside  perimeter  cells.  Where 
different  types  of  trap  assemblies  are  used,  mark 
the  cells  concerned.  Save  all  vent  trap  assemblies 
for  use  after  the  leveling  operation  is  completed. 


b.  Using  tweezers,  remove  sponge  rubber  plug  in  each 
vent,  if  present. 

c.  Charge  battery,  observing  all  precautions  on  over- 
heating and  overcharging. 

d.  Using  contents  of  battery  maintenance  kit, or  items 
saved  from  filling  kit  received  with  battery,  place 
rubber  washer  in  metal  bottle  cap  having  ground-off 
hypodermic  needle  attached. 

e.  Screw  leveling  cap  securely  onto  empty  filling  bottle. 

f.  Insert  metal  leveling  cap  into  vent  hole  of  first  ceil 
of  battery  until  its  cone-shaped  top  touches  vent. 

g.  Compress  and  then  release  filling  bottle.  If  elec- 
trolyte level  is  too  high,  excess  will  be  drawn  up 
into  filling  bottle.  If  no  electrolyte  is  drawn  up 
into  bottle  when  it  is  compressed  and  released,  elec- 
trolyte level  is  too  low.  Put  about  40  cc  of  distilled 
water  into  bottle,  and  repeat  squeezing  and  releasing 
operation  until  no  air  bubbles  are  drawn  into  filling 
bottle.  Electrolyte  level  of  each  cell  must  be  adjusted 
by  removing  excess  electrolyte  or  adding  distilled  water 
as  described  above.  After  all  cell  electrolyte  levels 
are  adjusted,  replace  sponge  rubber  plugs  and  vent  caps, 
ensuring  that  any  odd  sized  vent  caps  are  replaced  on 
same  cells  from  which  removed.  Any  sponge  rubber  plugs 
or  vent  caps  saturated  with  electrolyte  or  clogged  with 
white  crystals  should  be  replaced. 

h.  Allow  battery  to  rest  for  a minimum  of  12  hours. 

i.  After  12  hours,  perform  maintenance  discharge  until 
the  terminal  voltage  drops  to  between  15  and  16  volts. 
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j.  Allow  battery  to  cool  for  2 to  4 hours. 

k.  Recharge  battery  in  accordance  with  maintenance 
charging  procedures. 

l.  Remove  any  electrolyte  or  corrosion  with  absorbent 
cotton  or  clean  damp  rag. 

m.  Inspect  and  tighten  intercell  connector  nuts  to  torque 
values  for  specific  battery  as  specified  in  Table  1. 

n.  After  charging,  rest  battery  for  minimum  of  8 hours; 
then  measure  the  terminal  voltage  of  each  cell.  All 
cells  should  have  essentially  equal  voltages  of  1.82 
volts  or  greater. 

2.4  Charging  Methods  and  Procedures 

The  constant-current  charging  method  is  recommended  for 
all  silver-zinc  battery  formation  and  maintenance  charging. 

The  modified  constant-potential  charging  method  may  be  used 
in  the  absence  of  constant-current  charging  equipment,  provided 
certain  precautionary  measures  are  taken  to  protect  the  battery. 
Automatic  constant-current  charging  equipment  specified  for 
use  with  silver-zinc  batteries  should  be  used  when  available. 
Otherwise,  the  typical  constant-current  chargers  are  satis- 
factory, provided  the  charging  operation  is  closely  monitored 
and  the  proper  charging  current  used. 

Constant-potential  charging  should  be  avoided  because  of 
the  inherent  dangers  involved.  The  silver-zinc  battery  has 
extremely  low  internal  resistance.  If  a partially  or  fully 
discharged  battery  is  charged  by  this  method,  the  battery  will 
draw  very  high  initial  currents,  which  may  result  in  damage  or 
degrading  effects. 
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If  possible,  all  charging  should  be  accomplished  at  an 
ambient  temperature  between  60°  and  90°F.  The  temperature 
of  the  battery,  measured  by  a thermometer  attached  to  an  inter- 
cell connector  (attached  with  modeling  clay  or  other  means), 
must  never  exceed  i50°F  during  charging. 


WARN  ING 

While  silver-zinc  batteries  do  not  generate  harmful  gases 
during  normal  charge  and  discharge  operations,  they  do 
generate  both  oxygen  and  hydrogen  gases  during  excessive 
overcharging.  All  vent  caps  and  sponge-rubber  plugs  must 
be  removed  from  the  vent  holes  during  charging  operations. 

If  electrolyte  is  forced  from  the  vent  holes,  or  if  exces- 
sive gassing  is  evident,  it  is  an  indication  of  overheating, 
and  the  charging  operation  should  be  interrupted  for  at 
least  8 hours  to  allow  the  battery  to  cool. 


2.4.1  Constant-Current  Charging 
The  constant-current  method  is  preferred  and  provides 
the  best  means  of  achieving  and  monitoring  a normal  charge 
input.  The  charging  current  is  maintained  constant  by  frequent 
manual  adjustment  of  charger,  or  by  automatic  means  if  automatic 
chargers  are  used.  Recommended  constant-current  charging  rates 
for  specific  battery  types  in  present  use  are  given  in  Table  1. 

Silver-zinc  batteries  are  sensitive  to  excessive  voltage 
during  charging  and  may  be  damaged  if  the  voltage  exceeds  2.05 
volts  per  cell.  Therefore,  it  is  necessary  that  the  charger  be 
cut  off  at  a voltage  slightly  below  this  point.  The  cut-off 
voltage  must  not  exceed  28.5  voLts  for  a 14-cell  battery.  If 
manual  equipment  is  used,  the  cell  and  battery  terminal  voltages 
must  be  checked  frequently  by  manual  means. 
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2.4.2  Modified  Constant-Potential  Method 
During  an  emergency,  a constant-potential  source  may  be 
used,  with  a suitable  rheostat  or  fixed  resistor  in  series  with 
the  battery  to  limit  initial  surge  currents.  The  charger 
voltage  must  be  monitored  and  not  allowed  to  exceed  28  volts. 
Representative  resistance  and  wattage  values  for  charging 
partially  discharged  batteries  with  terminal  voltages  in  excess 
of  22  volts  are  given  in  Table  1 for  presently  used  batteries. 

The  resistance  values  given  limit  the  initial  surge  of  current 
to  a 2-hour  rate. 

The  value  of  resistance  to  limit  the  initial  inrush  of 
charging  current  to  safe  values  may  be  calculated  as  follows: 

a.  Measure  battery  open-circuit  terminal  voltage 

b.  Determine  the  difference  between  the  battery 
charger  voltage  and  the  open-circuit  terminal 
voltage  (E  Charger  - E Battery) 

c.  The  value  of  the  limiting  resistor  required  is 

R = (E  charger  - E battery)  ohms 
maximum  allowable  current 

The  required  power  dissipation  for  the  resistor  is 
P = I^R  watts 


For  Example:  Charger  voltage 
Battery  voltage 
Battery  Capacity 
Maximum  current  (c/2) 


28  volts 
22  volts 
50  ampere-hours 
25  amperes 
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R = E charger  - E Battery  = _6  = 0.24  ohm s 
maximum  allowable  I 25 

P = i2r  = (25)^  X 0.24  = 150  watts 

2.4. 2.1  Charging  Procedure  for  Discharged 

Battery  having  Terminal  Voltage  greater 
than  22  Volts 

If  it  is  determined  that  the  battery  open-circuit  terminal 
voltage  is  greater  than  22  volts  proceed  as  follows  to  charge 
the  battery: 

a.  Adjust  output  voltage  of  constant-potential 
charger  to  a maximum  of  28  volts  without  a 
load  connected. 

b.  Connect  a rheostat  or  resistor,  having  the 
correct  resistance  and  wattage  ratings,  in  series 
with  the  battery  to  be  charged  (Table  i). 

c.  Connect  to  charging  source  and  charge  for  approxi- 
mately 2 to  3 hours. 

d.  Stop  the  charge. 

e.  Insert  a dc  ammeter,  which  is  set  on  iO-ampere 
scale,  in  series  with  the  battery  and  resume 
charging. 

f.  When  the  charging  current  drops  to  0.4  ampere, 
the  battery  is  considered  fully  charged. 
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2.4. 2. 2 Charging  Procedure  for  Discharged 

Battery  having  Terminal  Voltage  less 
than  22  Volts 

The  modified  constant-potential  method  is  not  recommended 
for  a battery  that  has  an  open-circuit  voltage  below  22  volts. 

A battery,  which  has  been  completely  drained,  when  placed  on 
a modified  constant-potential  charge  will  draw  extremely  high 
currents  during  the  initial  part  of  the  charge  because  of  the 
large  voltage  difference  between  the  battery  and  the  charging 
source.  If  it  is  absolutely  essential  to  charge  a drained 
(completely  discharged)  battery  by  this  method,  a resistor  with 
a much  higher  wattage  and  resistance  rating  must  be  used.  Charg- 
ing may  proceed  after  the  proper  resistor  has  been  connected  in 
series  with  the  battery  and  the  charger  voltage  set  to  28  volts. 
After  charging  for  approximately  2 hours,  stop  the  charge  and 
remove  the  resistor.  Replace  the  removed  resistor  with  one  that 
has  the  wattage  and  resistance  values  specified  in  Table  1,  and 
resume  charging.  Complete  charging  by  following  Steps  c through 
f above. 


2. 5 Formation  Charging  and  Discharging 

Formation  charging  applies  to  unformed  batteries  only. 

The  constant-current  method  is  recommended  for  formation  charging, 
although  the  modified  constant-potential  method  can  be  used  pro- 
vided the  precautions  noted  previously  are  closely  followed. 

For  determining  the  activated  life  of  a battery  during  later  cell 
replacement,  the  date  of  battery  activation  should  be  stenciled 
on  the  battery  case. 
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2 . 5 . i Formation  Charge/Pischarge  Procedure 
After  the  battery  has  been  filled  with  electrolyte  and 
soaked  for  at  least  72  hours,  but  no  longer  than  10  days,  it 
may  start  formation  cycling.  During  the  charge  cycle,  the 
temperature  of  the  battery  should  not  be  permitted  to  exceed 
150°F.  If  a thermometer  is  not  available,  the  battery  tempera 
ture  may  be  estimated  by  touching  the  intercell  connector;  if 
the  touch  is  uncomfortable,  the  battery  is  overheated. 

a . First  Formation  Charge 
Charge  the  battery  at  the  constant-current  rate  shown 
in  Table  1 for  the  specific  battery  type.  While  charging, 
monitor  the  ampere-hour  input.  Continue  charging  until  the 
battery  terminal  voltage  reaches  28  to  28.5  volts,  or  until 
100%  of  rated  capacity  has  been  put  into  the  battery.  For 
example:  If  the  charging  rate  for  a 30  ampere-hour  battery 

is  3 amperes,  charging  time  will  be  approximately  10  hours 
before  battery  terminal  voltage  reaches  28  to  28.5  volts. 

If  the  battery  terminal  voltage  rises  to  28  - 28.5  volts 

before  100%  capacity  is  reached,  rest  the  battery  for  8 hours 
and  then  continue  charge  until  100%  of  ampere-hour  capacity 
is  reached  within  a final  voltage  of  28  to  28.5  volts.  If 
electrolyte  is  forced  out  of  the  cell  vent  openings  or  if  over 
heating  is  evident,  interrupt  the  charge  for  8 hours  or  more 
and  check  charger  for  proper  output. 
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CAUTION 


It  is  important  that  the  battery  terminal 
voltage  not  exceed  28. b volts.  Excessive 
heating  and  gassing,  which  occur  above  this 
voltage,  will  damage  the  battery. 

b.  First  Formation  Discharge 

Discharge  the  battery  at  the  current  rate  specified  in 
Table  1 until  the  battery  terminal  voltage,  while  discharging, 
drops  to  between  15  and  16  volts.  If  automatic  discharging 
equipment  is  used,  set  to  the  minimum  end-voltage  specified  in 
the  associated  operating  instructions. 

c . Drain  Discharge 

After  the  first  formation  discharge,  allow  the  battery 
to  cool  for  a period  of  2 to  4 hours.  Discharge  the  battery 
at  the  20-hour  current  rate  (or  as  indicated  in  Table  1 for 
Drain  Discharges ) until  the  total  battery  terminal  voltage  drops 
to  2 to  3 volts.  If  automatic  discharging  equipment  is  being 
used,  follow  the  operating  instructions  for  this  equipment. 

Individual  cell  voltages  must  be  checked  frequently  during 
discharge.  At  the  first  indication  of  cell  voltage  falling  to 
zero,  interrupt  the  discharge  to  prevent  cell  reversal.  Short 
out  the  affected  cell  or  cells  with  a suitable,  flexible,  shorting 
device.  Continue  this  process  until  all  14  cells  read  zero. 


CAUTION 


If  a cell  is  allowed  to  rest  after  it  has 
been  fully  discharged  without  being  shorted, 
it  tends  to  restore  itself.  Cell  terminal 
voltage  should  be  rechecked  if  resting  has 
occurred  and  additional  discharging  should 
be  performed  if  the  cell  voltage  is  over 
0.2  volts.  Cell  resistance  is  very  low  for 
silver-zinc  batteries,  and  extremely  high 
currents  may  flow  if  the  cell  is  shorted, 
even  when  it  is  partially  discharged.  DO 
NOT  SHORT  CELLS  THAT  HAVE  TERMINAL  VOLTAGES 
OVER  0.2  VOLTS. 


d . Second  Formation  Charge 

Charge  the  battery  while  monitoring  the  ampere-hour  input 
at  the  current  rate  indicated  in  Table  1 until  the  battery 
terminal  voltage,  while  charging,  reaches  28.0  to  28.5  volts; 
or  charge  the  battery  for  the  number  of  hours  required  to  give 
110^  of  nominal  rated  capacity.  For  example:  If  charge  rate 
for  a 30  ampere-hour  battery  is  3 amperes,  time  for  1103^  rated 
capacity  would  be  11  hours.  If  a battery  terminal  voltage  of 
28.0  to  28.5  volts  is  reached  before  the  input  is  110^  of  rated 
capacity,  rest  the  battery  for  8 hours;  then  continue  the 
charge  until  a total  input  of  1103^  of  rated  capacity  is  attained 
within  a final  battery  terminal  voltage  of  28.0  to  28.5  volts. 


e . Second  Formation  Discharge 
Discharge  the  battery  as  described  in  Step  b for  the  first 
formation  discharge  and  give  the  battery  a drain  discharge  as 
specified  in  Step  c. 
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f . 'Ihird  Formation  Charge 

Charge  the  battery  while  monitoring  the  ampere-hour  input 
(at  the  current  rate  indicated  by  Table  l)  until  the  battery 
terminal  voltage,  while  charging,  reaches  28.0  to  28.5  volts. 

If  this  voltage  is  attained  before  the  input  reaches  130?^  of 
the  rated  capacity,  rest  the  battery  for  8 hours;  then  continue 
the  charge  until  a total  input  of  130  to  150%  of  rated  capacity 
is  obtained  with  a final  terminal  voltage  between  28.0  and  28.5 
volts . 


g.  Ending  the  Formation  Cycling 

If  a battery  takes  an  input  of  130%  or  more  during  the 
third  formation  charge,  it  shall  be  considered  formed  and 
ready  for  service.  If  the  minimum  input  cannot  be  attained 
during  the  third  formation  cycle,  the  battery  should  be  cycled 
for  a maximum  of  two  additional  formation  cycles.  If,  after 
the  fifth  formation  charge,  an  input  of  at  least  110%  of  the 
rated  capacity  is  not  attained,  the  battery  is  not  serviceable. 

2.6  Maintenance  Charging 

Maintenance  charging  applies  to  batteries  that  have  been 
partly  or  completely  discharged  during  service  or  in  storage. 

Before  performing  the  maintenance  charge,  discharge  the  battery 
as  described  under  First  Formation  Discharge  and  Drain  Discharge. 
After  drain  discharging,  proceed  with  maintenance  charging. 

No  cell  should  be  permitted  to  exceed  2.05  volts  while  charging. 
When  automatic  equipment  is  incorporated,  it  should  be  adjusted 
to  cut  off  slightly  before  the  cells  reach  2.05  volts  (28.5  volts). 
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Constant-current  charging  is  recommended.  If  it  is 
necessary  to  use  modified  constant-potential,  the  precautions 
listed  for  this  method  should  be  strictly  followed.  Maintenance 
charging  rates  are  provided  in  Table  1,  by  battery  types.  Do 
not  allow  battery  to  overheat  or  overcharge. 

The  minimum  number  of  ampere-hours  required  to  charge  the 
battery  will  be  equal  to  100%  of  its  rated  capacity  before  the 
battery  terminal  voltage  reaches  28.0  to  28.5  volts.  However, 
the  battery  may  accept  up  to  130%  of  its  rated  capacity.  If 
100%  of  capacity  cannot  be  recharged  into  the  battery  after  a 
drain  discharge,  rest  the  battery  for  8 hours  and  then  continue 
charging.  If  the  battery  has  not  reached  100%  input  after  3 
charging  cycles,  it  is  not  serviceable. 

The  battery  should  be  allowed  to  rest  for  8 hours  after 
maintenance  charging;  then,  check  all  cell  voltages.  If  any 
cell  reads  below  1.82  volts,  the  battery  should  be  further 
checked  for  damaged  or  defective  cells. 

2. 7 Discharging  Silver-Zinc  Batteries 

Appropriate  load  banks  or  resistances  may  be  used  to  dis- 
charge batteries  when  automatic  equipments  are  not  available. 
Although  silver-zinc  batteries  may  be  discharged  at  the  1-hour 
rate  until  the  terminal  voltage  drops  to  approximately  15.4 
volts  (i.i  volts  per  cell),  the  2-hour  discharge  rate  is  recom- 
mended (listed  in  Table  1 for  each  battery  tyoe).  Discharging 
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at  the  i-hour  rate  or  higher  is  at  the  risk  of  overheating 
the  battery.  If  it  is  desirable  to  drain-discharge  (fully 
discharge)  the  battery,  the  load  should  be  readjusted  when 
the  terminal  voltage  reaches  lb  to  16  volts,  so  that  the 
discharge  current  will  be  5 amperes  or  less,  and  the  discharge 
continued.  The  cell  voltages  must  be  frequently  monitored  after 
the  battery  voltage  drops  below  15.4  volts  to  prevent  reversal. 
Follow  the  procedures  and  precautions  of  Step  c under  Formation 
Charging  and  Discharging  for  drain  discharging. 

2. 8 Cell  Replacement 

If  the  battery  is  being  serviced  because  of  low  voltage 
in  an  individual  cell  (i.e.,  below  1.82  volts),  then  the  possible 
need  for  cell  replacement  exists.  Drain  discharge  the  battery 
as  described  under  Steps  b and  c of  Formation  Charge  and  Dis- 
charge. Recharge  the  battery  and  allow  it  to  set  for  48  hours. 
Then  ckeck  the  voltage  of  each  cell  using  a voltmeter  accurate 
to  0.001  volts.  Each  cell  should  indicate  a minimum  open  cir- 
cuit voltage  of  1.82  volts.  If  any  cell  reads  below  1.82  volts, 
the  cell  must  be  replaced. 


NOTE 

Replacements  for  defective  cells  shall  have  the 
same  approximate  activated  life  period  as  the 
battery  in  which  they  will  be  installed. 


Mark  the  cell  to  be  replaced  and  note  the  position  of  the 
positive  and  negative  terminals.  Drain  discharge  the  battery 
and  remove  the  defective  cell. 
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2 . 3 • i Preparing  New  Replacement  Cell 
Either  a new  cell  or  a used  cell  may  be  selected  as  a 
replacement.  If  a new  cell  is  selected  it  must  be  filled  with 
electrolyte  and  formed  prior  to  being  inserted  into  the  battery. 
A new  cell  should  only  be  used  as  a replacement  in  batteries 
having  an  activated  life  of  less  than  3 months. 

Prepare  a new  unformed  cell  as  follows: 

1.  Fill  cell  with  electrolyte  as  described  in 
electrolyte  filling  procedure. 

2.  Restrain  wide  sides  of  cell  between  two  blocks 
of  wood,  and  place  clamps  or  tape  tightly  around 
wood  blocks  to  prevent  cell  from  swelling. 


3.  Form  cell  in  accordance  with  procedures  under 

Formation  Charge  and  Discharge.  Maximum  voltage 
while  on  charge  shall  be  2.0  to  2.05  volts.  For- 
mation discharge  shall  be  stopped  when  cell  volt- 
age drops  to  1.07  and  1.20  volts.  Drain  discharge 
at  5 amperes  until  cell  voltage  drops  to  0 - 0.2 

volts.  Install  shorting  cable  across  cell  terminals 
until  cell  is  to  be  installed  in  battery.  Do  not 
permit  cell  to  reverse. 
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2.8.2  Preparing  a Used  heplacement  Cell 
If  a used  cell  is  selected  for  a replacement,  the  wet 
activated  life  must  be  comparable  to  the  wet  activated  life 
of  the  battery  in  which  it  will  be  installed.  If  tbe  selected 
cell  has  a wet  activated  life  of  no  more  than  I month  longer 
than  the  parent  battery,  it  may  be  used  safely,  provided  it 
passes  the  following  test  proceduies: 

1.  Restrain  the  wide  sides  of  the  cell  between 
two  blocks  of  wood  and  place  clamps  or  tape 
tightly  around  wood  blocks  to  prevent  cell 
from  swelling. 

2.  Charge  cell  in  accordance  with  procedures 
outlined  under  maintenance  charging,  except 
that  maximum  voltage  while  on  charge  shall 
be  2.0  to  2.05  volts  for  an  individual  cell. 

3.  Discharge  cell  at  no  more  than  2-hour  rate 
until  cell  voltage  falls  to  1.2  - 1.3  volts, 
while  monitoring  capacity  output,  minimum 
capacity  output  shall  be  IOO^d  of  rated 

ca  pacity . 

4.  If  minimum  capacity  output  of  1009^  is  obtained, 
drain  discharge  cell. 

5.  If  minimum  output  of  100%  capacity  is  not 
obtained  in  proceeding  step,  cell  should  not 
be  used  as  replacement,  and  another  cell  must 
be  selected. 
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2.3.3  Replacing  a Cell 

The  following  procedures  should  be  followed  when  replacing 
defective  cells  in  the  silver-zinc  battery: 

1.  Remove  nuts  and  intercell  connectors  from  cell 
or  cells  marked  for  replacement. 

2.  Remove  defective  cell  or  cells  from  parent 
battery . 

3.  Examine  cell  when  it  is  removed  to  determine  whether 
spacers  are  mounted  on  it.  If  so,  spacers  must 

be  mounted  on  replacement  cell  in  exactly  same 
positions.  (Spacers  and  cement  are  included  in 
field  repair  kits  for  battery  being  repaired.) 

4.  Insert  replacement  cell  into  battery.  Ensure  that 
position  of  positive  and  negative  terminals  of 
replacement  cell  or  cells  is  same  as  that  of  ceil 
removed.  Positive  terminal  of  cell  is  marked  with 
red  line,  also  red  sleeves  are  usually  over  indi- 
vidual wire  connectiofis  to  positive  plates  inside 
the  cell. 

5.  Replace  intercell  connectors  and  top  nuts.  Tighten 
nuts  to  torque  value  recommended  for  specific 
battery  as  listed  in  Table  1. 

6.  Recharge  battery  in  accordance  with  maintenance 
charging  procedures. 
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